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SUMMARY

This paver defines the initial radii of ionized meteor trails
from the analysis of generel amplitude-temporal characteristics of
the radioechoes ottained in the frecuencies f;, = 31,26 mc, f, =#4#6.2 mec.
For an averare height of 96,8 km and a mean velocity of 41 km/sec, the
mean vzlue of the initial radius ro:=].m. The dependences of the ini-
tial radius on height and meteor velocity are obtained.

Numerous radar observations of meteors show, first of all,
that for a wavelength A < 6m the number of radioechoes decreases
sharply, and secondly, that with the increase in velocity of weak
meteors ( +6st.ma~n.) the observed heights are systematically lower
than the forecast [1]. These experimental facts can be explained only
by tie presence of great initiel redii of ionizing meteor trails.

Kaiser [2] assumed that the initial radius of a trail will be
of the order of tire lencth of the free path of air molecules at the
height of meteor avpearance, that is of several centimeters. However,
the vaporizing atoms have a high kinetic energy on account of meteor

body velocity, and consecuently, the ionization rate is high at the

* IZMERENIYA NACHAL'NYXKH RADIUSOV IONIZIROVANNYKH METEORNYKH SLEDOV
17 PARALLEL'KNYKH NABLYUDENIY RADIOMETECROV NA DVUKH DLINAKH VOLN,



outset, so that we must have, almost instantaneously, a spatially dis-
tributed ionization instead of a point source [3]. Manning [4] inves-
tipated this question from the standpoint of the kinetic theory of gases
and he has shown, that on account of high initial velocity of meteoric
atoms, the initial radius, from which the normal diffusion takes place,
is reached very rapidlyj at the same time, the value of the initial
radius will be of the order of three length of atmosphere molecules'

free path xa at the corresponding height. Since radiometeors are obser-
ved in a narrow altitude interval, 90 - 100km, where la varies from

2 to0 10 cm [5), the initial radius of ionizied meteor trails varies,
according to [4], from 6 to 30 cm. Similar results were arrived at

also by Loshchilov [6], who investigated that question with the aid of
atomic collisions' theory. The influence of the initial radius on the A
amplitude of the radiocecho from a nonsaturated trail. manifests itself
when the radius is comparable with the quantity A /2m . Thus, according
to [4], the initial radii may be disregarded at A > 2m, which is in con-
tradiction with experimental data, B,L., Kashcheyev and V,N, Lebedinets
{73 computed the initial radius of the trail more strictly, determining
the length of the free path of ions and atmosphere molecules respectively
by the diffusion cross section for ions and atmosphere molecules, They
found, that accounting of the dependence of the length of the free path
of ions on velocity leads to the increase of the initial radius by compa-
rison with the Manning calculations [4].

Greenhow and Hall [8] materialized an experimental method for the
determination of the initiasl radii of meteor trails, conducting parallel
observeztionea of the same meteors providing nonsaturated trsils at wave —
lengths of 17 and 8 meters, According to their data, the initial radius
veries from 1l to 3 m between the heights of 90 and 115 km, this value
being independent from meteor velocity.

B.L.Kashcheyev and V,N . Levedinets [7] also conducted experi-~
mental measurements of the initial radii of trails in the wavelengths
o = 80cm,

which agrees satisfactorily with the theoretical forecasts. However, the

of 8 and Lm. For an average height of 95 km they obtained r



reasured dependernce of r, on the geocentric velocity of the meteor
was found to be somewhat less than the theoretical. _

Therefore, in spite of the fact that the radsr method of deter-
mination of the initial radii is the =most reliable, only two experiments
have been carried out to-date. When determinineg the order of magnitude,
both experiments gave close results. However, the obtained dependence
of the initial radius on velocity is c¢uite different, Thus, additional
experiments are necessary, by wey of parallel observations in two wave-~

len~ths, and preferably in another frecuency band.

METHOD OF TiHs EXPSRIMENT .-

In case of nonsatursted meteor trails, tihie power of the reflected
1

si-nel at receiving device input is [71: *
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Here Py is the power of the transmitter in the impulse; G is
the antennz directional action factorj; A is the wavelength; & is the
linear electron density in the trail; R is the slant range; e and m
are rccvectively the charre and the mass of the electrony ¢ is the wind
velocity; rois the initial radius of the traily; D is the diffusion coef-
ficient; V is the meteor velocity; s is the distance along the trail's
axis from the tase of a verpendiculer to the treil from the site of the
tiocn, to the given point of the trail in the direction of motion
of the meteor; sois the coordinste of the position of trzil's head.

An avproximate exvression for |I| is ~iven in Lol .
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From (1) and (2) the maximum power of the reflected signal is
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According to (&), the ratio of maximum amplitudes of the redio-

echo in two wavelengths is

_u_,_=(P,,,G,z)vls>-/z I(Ay) exp[4nzroz( 1 _1_)] ' (5)
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and hence the initial radius of the trazil is
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As follows from (&), knowing the apparatus' parameters, the
amplitudes of radioechoes in two wavelengths, the slant range and the
velocity oif tlhe meteor, one mey determine the initial radius of the
ionized meteor trail,

A special apparatus was desisned to that effect, which permits
to ortzin amnlitude~tery vel characteristice from the same meteor trail
in two wavelencths.

The parameters of our complementary radar installations are :
carrying frecuencies: f; = 31,26 mc ()\1 =92,59), 5 = 45,2 me ( XZ =6,49),
tie frecuency of pulse repetition is 500 sendings per second, each fifth

one beins doubled; duration of emitted pulses is 10 sec, with power in
pulcses being regulated within the range 20 <4 4Okw, the sensitivities
of the receiver at double excess of siznal over noises are 3 microvolt.
Separate antennss of the wave type , with 4 elements and situated at 0.5
+  above an even surface of 60 x 60mdimensions and oriented westward. The
indicator device includes two double~beam tubes, in which two beams are
utilized for the determination of slant fanges, and the remaining two,
(of slow scanning, — for the determination of amplitude-temporal cla-

racteristics. The duration of slow scannings is 0,11 sec. Owing to the



selection oi such durztion, there is a possibility of measurding,k the velo-
cities of meteors. The information, obtained in the form of amplitude~tem-
porz1l characteristics of radiowaves, is automatically photographea from
the screens of the indicator device.

As to the method of simultaneocus observations of radiometeors in
two wavelencths, it consists in the following. The synchronizing device
works out  arrow pulses with a repetition frequency of 500 pulse/sec for
the synchronization of the overation of transmitters. Pulses of 100 pulse/
sec. frequency serve to trisger rapid scannings of the indicator device,

by which the slant range to the meteor trail is determined, The duration
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of the rapid scanuin;e aliows to determine unambiguously the range over
a distance of 500 km. The unambiguous determination oi the range at high
repetition frequency of pulses is possible owing to the coding of the
emitted pulses (every fifth pulse is doubled). The broad pulses of nega-
tive polarity with the frecuency of 500 pulse/sec 2re fed to receiving

devices to guench the soundincs vulses during transmitter operation.



From receiver output the signals are fed to the noise suppression unit
and to amplifiers of the indicator channels. The noise suppressor ope-~
rates on the principle of selectiion by duration, In the presence of a
useful sirgnel a standard signal avpears in any one of the receivers at
the output of the noise suppression unit, trizsering slow scans of the

indicator device.
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EXPERLILITAL RESULTS,

The observation was c¢snducted in October-December 1963, for
2 total duration of 14 hours. 1660 radioechoes, velid for processing,
were sorted on the 9-reter istallation and 93C —— on the 6-meter one,
As a rule, a radioecho appeering on the 9-meter installation, appears
also on tahe b6-meter one. That is why 930 echoes were common. From the
totsl number of te recistered radioechoes sharply expressed,diffraction
phenomena.were obtained in the process of trail formation in 300 meteors
on 9m and 170 — on & -,

For the determination of the value of the initial radius of the
trail from itre total ampnlitude-tenporal patterns obtazined in the two
wavelensths, 50 radioechoes were sorted from nonsaturated meteor trails.
The external shape of the amglitude-temporal characteristic and the value
of the diffusion coefficient served as the criterion for selection,

The diffusion coefficient was determined by the exponential drop of the
anplitude, as well as by the amplitude ratio at time of the first and
second maxima of the difrfraction pattern. An example of such a radioecho

is presented in Fig.1.
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rom the distribution of amplitudes of radioechoes from steady me-
teor trails (Fir,2) it is established, thest the sensitivity of tie O-meter
insts1llation diifers from the f-meter one by a factor of 1.3, This sensi-
tivitvy fector w=s teken into account when determininz tre amplitudes and

that is vhy the eguetion (&) for our case is simwlified as follows :

ro=14 [ln%—i—lnI(Az)—lnI(A,) ]"'. )

The height of the reflecting point on the trail was determined

by the value of the ambipolar difiusion coefficient [10]

__ 1gD+5,563

. 3
h= 00579 10° (x). (8

The mean value oi velocity for 50 meteors is 41 km/sec, The mean
value of the coef:icient of ambipolar diffusion D = 8,2 ma/sec, which
corresvondis to h =96,3 km, The mean value of the initial radius rozjl.m.

Plotted in Fig. 3 is the devendence of the initisl radius of the
neteor trzil on height accordin~ to measurements at three points:
Jod8rell bBank [SJ,thar'kov 7], and liyev. The mean values of the initial
rzdii rere obtzined at Khar'kov for the mean velocity of 32 km/sec, in
Kiyev — Ll Xk=/sec and at Jodrell Pank, avvearently for ~ 60k/sec.
4g followe from Fig, 3, the experimental pointe fit sufiiciently well
ti:e line, a»proximeted by the ecuation

ro ~ po~%8, 9)
=035

which difiers from the exvrescion brousht out in [8) (r ~ ,

o

where P is the atmosphere demsity).

It is necessary to take into account that the variation of the
initial radius with the change of height takes place not only as a conse-
quence of the variation of the length of the free path of air particles,
but also on account of variation of the initial energy of vaporizing mete-
oric atoms, for the mean height of a radioecho is a function of meteor

velocity.



In order to verify the dependence oi the initial radius on veloci-
ty by the data of our observations, 34 values were assembled, for which
the mean height h=96,8 £ 2.2 km. They were processed by the method of
least s=quares. The dependence of r,on V was reprecented in the form
r, = aVvb, \ on

All meessurenents were equally accurate. usr
“hen passing to normz2l ecuations, it was ta-
ken into account that the method of least “r
squares is inapplicable in its pure forn 109 |-

in the presence of coordinates! transfori-

&

ation (we pasced from r and V to k = lio-r o
-] o
and ¥ =1logV), since the function, satis- P o o
fying the condition of the minimur of thre —1 L 1 1 L
0 50 n
sums of "misfit" squares in the coordina- ¥, xu/cen
tes (m,8) will not satisfy such a condi- . Fig. 4

tion after transition of basic coordinates,
(fee [11]). The obtained deperdence rsF (V) is plotted in Fig, &4; it
is approximated by the equation

ro ~ V0.3, (10)

As follows from [10], there exists a dependence of the initial
radius of the trail on meteor velocity, which corroborates the experi-
mentsl data of the work [7] and diverges from those of work [8]. Note,
horever, that the dependence obtained by us is notably weaker than was
expected according to [7].

The aufhor acknowledges the help afiorded by B, I.Mel'nikov in

the processing of observations,
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